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ABSTRACT 

A coating composition that contains at least one degradable 
coating layer and at least one layer of barrier coating is 
disclosed. The coating composition can be used to make a 
coated substrate having improved performance over con 
ventional coated substrates after expo sure to heat and certain 
chemicals like halides such as chlorides, sulfur, salt, chlo 
rine, alkali, and enamels. 
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COATING STACK COMPRISING A LAYER OF 
BARRIER COATING 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a divisional of US. application 
Ser. No. 10/816,519 ?led Apr. 1, 2004, Which Was a con 
tinuation-in-part of US. application Ser. No. 10/422,095 
?led Apr. 24, 2003, Which Was a continuation-in-part of US. 
application Ser. No. 10/397,001 ?led Mar. 25, 2003, Which 
Was a continuation-in-part of US. application Ser. No. 
10/133,805 ?led Apr. 25, 2002, Which Was a continuation 
in-part of US. application Ser. No. 10/007,382 ?led Oct. 22, 
2001. This application also claims the bene?ts of US. 
Provisional Application Ser. No. 60/376,000 ?led Apr. 25, 
2002, all of Which applications are herein incorporated by 
reference in their entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to multi 
layer functional coatings; especially such coatings that con 
tain at least one layer of barrier coating. 

BACKGROUND OF THE INVENTION 

[0003] Substrates such as glass are used in a multitude of 
applications ranging from commercial buildings, homes, 
automobiles, appliances, etc. The substrates are often coated 
With functional coatings to obtain the desired performance 
attributes. 

[0004] A Wide variety of functional coatings are knoWn in 
the art including, but not limited to, electroconductive 
coatings, solar control coatings, photocatalytic coatings, loW 
emissivity coatings, transparent conductive coatings, etc. An 
example of a functional coating is a metallic based high 
transmittance, loW emissivity coating that includes at least 
one metallic layer(s) sandWiched betWeen layers of dielec 
tric material. Usually, the metallic layer is gold, copper, or 
silver, and the dielectric material is a metal oxide such as tin 
oxide, indium oxide, titanium oxide, bismuth oxide, Zinc 
oxide, Zirconium oxide or Zinc/tin oxide. 

[0005] For certain applications, it is necessary to heat a 
substrate coated With a functional coating. For example, a 
coated glass substrate that Will be used as an automotive 
Windshield may need to be heated to bend the glass. Typi 
cally, glass Will be heated for 20-30 minutes to a maximum 
temperature of 11500 F. to 12000 F. to accomplish the 
necessary bending for an automotive Windshield. Depending 
on the complexity of the bend, the temperatures could be 
higher and the duration longer. 

[0006] Heating a coated substrate can be problematic if the 
coating contains a layer(s) that Will degrade upon heating. 
Generally, heating a coated substrate Will produce bene?cial 
results up to a certain temperature (for a certain duration of 
time) for various reasons, for example, mobile species 
becoming mobile upon heating and ?oWing out of certain 
coating layers, but then adverse affects arise. The combina 
tion of temperature and exposure time to Which a coating 
layer can be heated before the performance of the coating 
starts to degrade is referred to herein as the “heat budget” of 
the coating. The performance of a coating starts to degrade 
after its heat budget is exceeded because at least one layer 
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of coating Will start to degrade. Every coating layer in a 
coating stack has a different heat budget that depends on the 
materials used to make the coating. The heat budget for a 
coating stack is determined by the layer of coating in the 
stack With the loWest heat budget at Which the layer starts to 
degrade. 

[0007] For example, in the high transmission, loW emis 
sivity coating as described above, the metallic layer(s) 
typically has the loWest heat budget in the coating stack. 
When a glass substrate coated With such a coating is exposed 
to heating conditions typically associated With bending, eg 
11500 F. to 12000 F. for a period of 20 to 30 minutes, the 
metallic layer(s) Will degrade. The degradation of the metal 
lic layer(s) can result in a coated substrate With reduced 
optical and/or solar control properties. Speci?cally, the 
functional coating can demonstrate increased electrical 
resistivity, increased haZe, decreased solar infrared (IR) 
re?ectance, decreased visible light transmittance, increased 
emissivity, etc. 

[0008] In addition to heating, other things can cause 
degradation of layers in a functional coating, such as expo 
sure to certain chemicals including, but not limited to halides 
such as salt, chlorides, sulfur, chlorine, alkali, and enamels. 

[0009] To ensure optimal performance of a coated sub 
strate, it is desirable to protect any degradable coating 
layer(s) in a coating stack from conditions and/ or substances 
that Would result in degradation of the coating layer and 
subsequent decreased performance of the coated substrate. 
Conventionally, sacri?cial layers like primer layers (also 
knoWn as “blocker layers”) have been added to coating 
stacks, such as metallic based high transmission, loW emis 
sivity coatings, or applied at thicker levels to protect a 
degradable layer(s). The sacri?cial layers preferentially 
respond to or react With the undesirable condition so as to 
protect other selected layers in the coating stack. The 
problem With adding a primer layer(s) or using a thicker 
layer(s) of primer is that after the coating is heated, excess 
primer can lead to poor adhesion due to failure at the 
interfaces of individual layers of coating and increased haZe. 
Also, excess primer can make the coating soft and suscep 
tible to damage by rubbing. 

[0010] The present invention provides a coating compo 
sition having at least one layer of barrier coating to protect 
any degradable layer(s) in the coating stack. Coating com 
positions according to the present invention exhibit an 
increased heat budget and improved ability to Withstand 
chemical corrosion. 

SUMMARY OF THE INVENTION 

[0011] In one non-limiting embodiment, the present inven 
tion is a coating composition comprising at least one degrad 
able layer and at least one layer of barrier coating, Wherein 
the layer of barrier coating has a permeability to oxygen no 
greater than 10 grams per m2 per day at a temperature of 
9000 F. 

[0012] In another non-limiting embodiment, the present 
invention is a coated substrate comprising a coating com 
position applied on at least a portion of the substrate 
comprising at least one degradable layer and at least one 
layer of barrier coating, Wherein the layer of barrier coating 
has a permeability to oxygen no greater than 10 grams per 
m2 per day at a temperature of 9000 F. 
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[0013] In yet another non-limiting embodiment, the 
present invention is a method of forming a multilayered 
coated substrate comprising applying a degradable coating 
layer on a substrate and applying a layer of barrier coating 
on the degradable coating layer, Wherein the barrier coating 
layer has a permeability of to oxygen of no greater than 10 
grams per m2 per day at a temperature of 900° F. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 shoWs a heat study conducted on several 
coated substrates incorporating features of the present inven 
tion. 

DESCRIPTION OF THE INVENTION 

[0015] As used herein, spatial or directional terms, such as 
“left”, “right”, “inner”, “outer”, “above”, “beloW”, “top”, 
“bottom”, and the like, are understood to encompass various 
alternative orientations and, accordingly, such terms are not 
to be considered as limiting. 

[0016] Further, as used herein, all numbers expressing 
dimensions, physical characteristics, processing parameters, 
quantities of ingredients, reaction conditions, and the like, 
used in the speci?cation and claims are to be understood as 
being modi?ed in all instances by the term “about”. Accord 
ingly, unless indicated to the contrary, the numerical values 
set forth in the folloWing speci?cation and claims may vary 
depending upon the desired properties sought to be obtained 
by the present invention. At the very least, and not as an 
attempt to limit the application of the doctrine of equivalents 
to the scope of the claims, each numerical value should at 
least be construed in light of the number of reported sig 
ni?cant digits and by applying ordinary rounding tech 
niques. Moreover, all ranges disclosed herein are to be 
understood to encompass the beginning and ending range 
values and any and all subranges subsumed therein. For 
example, a stated range of “1 to 10” should be considered to 
include any and all subranges betWeen (and inclusive of) the 
minimum value of 1 and the maximum value of 10; that is, 
all subranges beginning With a minimum value of 1 or more 
and ending With a maximum value of 10 or less, e.g., 1.0 to 
3.8, 6.6 to 9.7, and 5.5 to 10.0. 

[0017] As used herein, the terms “on”, “applied on/over”, 
“formed on/ over”, “deposited on/over”, “overlay” and “pro 
vided on/over” mean formed, deposited, or provided on but 
not necessarily in contact With the surface. For example, a 
coating layer “formed over” a substrate does not preclude 
the presence of one or more other coating layers of the same 
or different composition located betWeen the formed coating 
layer and the substrate. For instance, the substrate (e. g. glass 
or ceramic) can include a conventional coating such as those 
knoWn in the art for coating substrates. 

[0018] The present invention is a coating composition that 
comprises at least one layer of barrier coating and at least 
one layer of coating that is susceptible to degradation upon 
exposure to certain conditions such as, but not limited to, 
heat and chemical attack. The layer of coating that is 
susceptible to degradation is referred to herein as the 
“degradable layer”. 
[0019] The layer of barrier coating according to the 
present invention can be a single layer or multiple layers of 
coating. The layer of barrier coating can serve as a barrier 
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against various materials such as, but not limited to, oxygen, 
copper, halides, sul?des, sulfur, alkali, Water, etc. The layer 
of barrier coating of the present invention is substantially 
stable, substantially non-consumable, and substantially non 
reactive. By substantially stable, substantially non-consum 
able, and substantially non-reactive, it is meant that the 
stoichiometric ratio of the components in the barrier layer to 
O2 Will not change more than plus or minus 5%, for example 
during a conventional heating or bending process for a 
conventional automotive Windshield. Regardless of the con 
ditions the layer of barrier coating is exposed to, it Will 
remain essentially the same compositionally. For example, 
in the case of an oxygen barrier coating, if the layer of 
barrier coating starts fully oxidiZed, it Will remain fully 
oxidiZed regardless of the conditions. 

[0020] According to the present invention, When the layer 
of barrier coating is protecting the degradable layer from 
oxygen, the layer of barrier coating has a loW permeability 
to oxygen. In a non-limiting embodiment of the invention, 
the layer of barrier coating exhibits a permeability to oxygen 
of no greater than 10 grams per m2 per day at a temperature 
of 900° F, for example, no greater than 8 grams per m2 per 
day or no greater than 5 grams per m2 per day. 

[0021] The folloWing illustrates hoW permeability to oxy 
gen can be measured. Three clear pieces of glass Were coated 
With a 1400 A thick ?rst layer of barrier coating comprising 
an alloy of alumina and silica (60 Weight % alumina and 40 
Weight % silica). Next, a coating comprising a 114 A layer 
of titanium Was applied over the layer of alumina/silica 
alloy. Lastly, the samples Were coated With a second layer of 
barrier coating comprising an alloy of alumina and silica (60 
Weight % alumina and 40 Weight % silica). The thickness of 
the second barrier layer Was different for each sample. One 
sample (Sample A) had a second barrier layer having a 
thickness of 266 A. Another sample (Sample B) had a 
second barrier layer coating having a thickness of 515 A. 
The last sample (Sample C) had a second barrier layer 
having a thickness of 1,071 A. Initially, all the samples 
appeared dark on transmission as a result of the absorption 
of the titanium layers. 

[0022] After the samples Were prepared, each sample Was 
heated at 13000 F. The amount of time it took for the samples 
to become clear (no absorption) Was recorded. When a 
sample becomes clear, that indicates that the titanium that 
Was initially deposited has fully oxidiZed and become tita 
nia. Sample A took 80 minutes to fully oxidiZe. Sample B 
took 115 minutes to fully oxidiZe. And, Sample C took 130 
minutes to fully oxidiZe. The recorded “oxidation” times 
Were used to calculate permeabilities (P) using the folloWing 
equation: 

[0023] Where 

[0024] T=thickness of titanium layer [A]; 

[0025] 4.5 g/cm3=density of titanium; 

[0026] 47.9 g/mol=atomic Weight of titanium; 

[0027] 32 g/mol=molecular Weight of O2; and 

[0028] R=recorded oxidation time in minutes. 

[0029] The permeability of Sample A Was calculated to be 
0.6 grams per m2 per day. The permeability of Sample B Was 
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calculated to be 0.4 grams per m2 per day. And, the perme 
ability of Sample C Was calculated to be 0.4 grams per m2 
per day. 

[0030] According to the present invention, the layer of 
barrier coating can have an index of refraction equal to any 
value at 550 nm. When the layer of barrier coating is 
comprised of multiple layers, the index of refraction of the 
entire layer of barrier coating can be calculated using 
standard techniques Which are Well knoWn in the art. In a 
non-limiting embodiment, the entire layer of barrier coating 
has an index of refraction equal to 3 or less, for example 2.5 
or less, or 1.8 or less. 

[0031] In a non-limiting embodiment of the invention, the 
layer of barrier coating is a single layer comprised of one or 
more metal oxide materials such as but not limited to, 
alumina, silica, or mixtures thereof. For example, the layer 
of barrier coating can be made up entirely of alumina or 
entirely of silica. In another non-limiting embodiment, the 
layer of barrier coating can be a combination of alumina and 
silica, for example, but not limited to, 5 Weight percent to 95 
Weight percent alumina and 95 Weight percent to 5 Weight 
percent silica, or 10 Weight percent to 90 Weight percent 
alumina and 90 Weight percent to 10 Weight percent silica, 
or 15 Weight percent to 90 Weight percent alumina and 85 
Weight percent to 10 Weight percent silica, or 50 Weight 
percent to 75 Weight percent alumina and 50 Weight percent 
to 25 Weight percent silica. 

[0032] In a non-limiting embodiment of the invention, the 
layer of barrier coating comprises a single layer and the 
composition of the barrier coating varies throughout. For 
example, the barrier coating composition can be comprised 
of tWo materials; a ?rst material and a second material. The 
layer of barrier coating is applied on a substrate in such a 
manner that the concentration of the ?rst material of the 
barrier coating is greatest near the substrate and the con 
centration of second material of the barrier coating 
increases, for example, gradually, as the distance from the 
substrate increases. The composition of the barrier coating 
furthest from the substrate has the greatest concentration of 
the second material. In another non-limiting embodiment of 
the invention, the barrier coating is a single layer and the 
composition of the barrier coating is generally uniform 
throughout. 

[0033] In a non-limiting embodiment of the invention, the 
thickness of the layer of barrier coating can range up to 2 
microns (20,000 A), for example, from 50 A to 5,400 A, or 
from 85 A to 600 A. 

[0034] In a non-limiting embodiment of the invention 
Where the layer of barrier coating is comprised of multiple 
layers, the barrier coating comprises a ?rst layer of silica 
and/or alumina and a second layer of silica and/or alumina. 
For example, the ?rst layer can comprise alumina or a 
silica/alumina mixture having greater than 5 Weight percent 
alumina, for example, greater than 10 Weight percent alu 
mina, or greater than 15 Weight percent alumina. The ?rst 
layer can have a thickness up to 1 micron, for example, from 
50 A to 400 A, or from 60 A to 300 A. The second layer can 
comprise a silica/alumina mixture having greater than 40 
Weight percent silica, for example, greater than 50 Weight 
percent silica, or greater than 60 Weight percent silica. The 
second layer can have a thickness up to 1 micron, for 
example, from 50 A to 5,000 A, or from 60 A to 300 A. Each 
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of the layers that comprise the layer of barrier coating can 
have a uniform composition or a composition that varies 
throughout. 
[0035] According to the present invention, the layer of 
barrier coating can be incorporated into any functional 
coating knoWn in the art. In a non-limiting embodiment of 
the invention, the layer of barrier coating is incorporated into 
a metal based coating composition. As used herein, metal 
based coating composition includes any coating that con 
tains at least one layer of metal. Speci?cally, the layer of 
barrier coating can be incorporated into a metal based 
coating composition comprising one or more layers of a unit 
metal based coating stack Which is described in detail beloW. 
The unit metal based coating stack can be repeated any 
number of times to produce a cascade design as is Well 
knoWn in the art. 

[0036] The unit metal based coating stack comprises a ?rst 
layer of dielectric material, a layer of electromagnetic radia 
tion re?ective material, a layer of primer, and a second layer 
of dielectric material. The ?rst layer of dielectric material 
can be comprised of metal oxides or oxides of metal alloys 
Which are transparent to visible light. Non-limiting 
examples of suitable metal oxides include indium oxide, 
titanium oxide, Zinc oxide, tin oxide and mixtures and alloys 
thereof (eg Zinc stannate). For example, the ?rst layer of 
dielectric material can comprise an alloy of Zinc and tin in 
proportions ranging from 10 to 90 Weight percent Zinc, for 
example, from 30 to 60 Weight percent Zinc, or from 46 to 
50 Weight percent Zinc. As another example, the ?rst layer 
of dielectric material can be comprised of multiple layers, 
e.g., one layer of Zinc stannate and another layer of Zinc 
oxide. A suitable ?rst layer of dielectric material is described 
in Us. Pat. Nos. 4,610,771 and 5,821,001, Which are hereby 
incorporated by reference. 
[0037] The thickness of the ?rst layer of dielectric material 
can range from 100 A to 800 A, for example, from 200 A to 
750 A, or from 280 A to 700 A. 

[0038] A layer of electromagnetic radiation re?ective 
material is applied over at least a portion of the ?rst layer of 
dielectric material. The electromagnetic radiation re?ective 
material can re?ect in the solar infrared region, in the 
thermal infrared region, and/or in the microWave region. The 
electromagnetic radiation re?ective material can comprise a 
metal such as gold, copper, or silver. The electromagnetic 
radiation re?ective material can also comprise a combina 
tion of the aforementioned metals as Well as alloys thereof. 
In the described unit metal based coating stack, the layer of 
electromagnetic radiation re?ective material is the degrad 
able layer. 
[0039] The thickness of the layer of electromagnetic radia 
tion re?ective material can range from 50 A to 300 A, for 
example, from 60 A to 200 A, or from 70 A to 150 A. 

[0040] A layer of primer is applied over at least a portion 
of the layer of electromagnetic radiation re?ective material. 
The layer of primer can be any material knoWn in the art as 
a gettering/scavenging material, i.e., a material that readily 
absorbs a gas. Suitable materials for the primer include, but 
are not limited to, titanium, copper, aluminum, nickel, 
niobium, yttrium, Zirconium, hafnium, chromium, and 
alloys thereof; nickel-chromium alloy and cobalt-chromium 
alloy; sub-oxides such as indium tin sub-oxide, titanium 
sub-oxide, and Zinc aluminum sub oxide; and nitrides such 
as silicon nitride. 
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[0041] In a non-limiting embodiment of the invention, the 
layer of primer can convert from a metal to an oxide or from 
a sub-oxide to an oxide due to, for example, exposure to an 
02 containing plasma or as a resulting of being heated in air. 
The fact that the primer may lose its ability as a getterer/ 
scavenger over time does not affect its classi?cation as a 
primer. For example, a coating stack according to the present 
invention can contain a layer of primer initially comprised of 
titanium metal. Over time, as the layer of titanium metal 
absorbs oxygen, the titanium metal Will convert to titania, 
i.e. TiO2. Titania does not further react With oxygen. In such 
case, the titania that Was initially present in the coating stack 
as titanium metal is considered the layer of primer. 

[0042] The thickness of the layer of primer can range up 
to 50 A, for example from 5 A to 35 A, or from 8 A to 30 
A, or from 10 A to 18 A. 

[0043] A second layer of dielectric material is applied over 
at least a portion of the layer of primer. Suitable materials for 
the second layer of dielectric material and the thickness of 
the applied layer are as described above for the ?rst layer of 
dielectric material. 

[0044] The layer of barrier coating can be applied any 
Where Within a coating composition comprised of one or 
more the unit metal based coating stacks described above. In 
a non-limiting embodiment of the invention, the coating 
composition includes a single unit metal based coating stack 
and a layer of barrier coating is applied over the second layer 
of dielectric material. 

[0045] In another non-limiting embodiment of the inven 
tion, the coating composition includes a single unit metal 
based coating stack and a layer of barrier coating is applied 
over the ?rst layer of dielectric material. In yet another 
non-limiting embodiment of the invention, a layer of barrier 
coating is applied on the substrate and a single unit metal 
based coating stack is applied over the layer of barrier 
coating. 

[0046] In another non-limiting embodiment of the inven 
tion, at least one layer of barrier coating is incorporated 
anyWhere in a coating composition that repeats the unit 
metal based coating stack described above at least tWo times, 
e.g. three times Wherein the coating stack comprises three 
layers of electromagnetic radiation re?ective material. In a 
particular embodiment, the coating composition includes 
three unit metal based coating stacks and a layer of barrier 
coating is the last layer of coating, i.e., it is applied on at 
least a portion of the second layer of dielectric material of 
the third unit metal based coating stack. In another speci?c 
embodiment, tWo layers of barrier coating are included With 
a layer of barrier coating forming the ?rst and last layer of 
the coating stack. 

[0047] In various non-limiting embodiments of the inven 
tion, other coating layers comprised of various materials can 
be applied over the layer of barrier coating; particularly 
When the layer of barrier coating is the last coating layer in 
a coating stack. In one non-limiting embodiment of the 
invention, a layer of titanium metal is applied over the layer 
of barrier coating. In another non-limiting embodiment, a 
layer of carbon is applied over the layer of barrier coating. 
Applying a dark, heat absorbing layer of coating like carbon 
over the layer of barrier coating, can increase the heating 
rate of the coated substrate. 
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[0048] In another non-limiting embodiment of the present 
invention, the layer of barrier coating is incorporated into a 
coating stack comprising at least the folloWing layers: at 
least one layer of a transparent, conductive oxide, e.g., 
?uorine doped tin oxide, indium tin oxide, or Zinc aluminum 
oxide, and at least one layer of a conductive nitride, like 
titanium nitride or Zirconium nitride. The arrangement of the 
layer of a conductive nitride and layer of transparent, 
conductive oxide is immaterial, i.e., the layer of conductive 
nitride can be applied on at least a portion of the layer of 
transparent, conductive oxide and vice versa. In this embodi 
ment, the layer of barrier coating can be the ?rst and/or last 
coating in the stack. 

[0049] In the coating stack described above, the layer of 
conductive nitride is the degradable layer. 

[0050] The thickness of the layer of transparent, conduc 
tive oxide can range from 1 A to 5,000 A, for example, from 
5 A to 2,500 A. The thickness of the layer of conductive 
nitride can range from 1 A to 2,500 A, for example, from 5 
A to 1,000 A, or from 10 A to 500 A. 

[0051] In addition to the various coating compositions, the 
present invention encompasses methods for making the 
coatings. Speci?cally, the present invention encompasses a 
method of forming a multilayered coated substrate compris 
ing applying a degradable coating layer on a substrate and 
applying a layer of barrier coating on the degradable coating 
layer, Wherein the barrier coating layer has a permeability to 
oxygen of no greater than 10 grams per m2 per day at a 
temperature of 9000 F. The layer of barrier coating can be the 
last layer in the coating stack or it can be placed Within a 
coating stack. In a non-limiting embodiment, the present 
invention further comprises applying additional coating lay 
ers on the degradable coating layer prior to applying the 
barrier layer coating. In another non-limiting embodiment, 
the present invention further comprises applying another 
layer of barrier coating on the substrate prior to applying the 
degradable coating layer. 

[0052] The various layers of coating discussed above can 
be applied using conventional techniques such as chemical 
vapor deposition (“CVD”), spray pyrolysis, and magnetron 
sputtered vacuum deposition (“MSVD”). 

[0053] Suitable CVD methods of deposition are described 
in the folloWing references, Which are hereby incorporated 
by reference: US. Pat. Nos. 4,853,257; 4,971,843; 5,536, 
718; 5,464,657; 5,599,387; and 5,948,131. 

[0054] Suitable spray pyrolysis methods of deposition are 
described in the folloWing references, Which are hereby 
incorporated by reference: US. Pat. Nos. 4,719,126; 4,719, 
127; 4,111,150; and 3,660,061. 

[0055] Suitable MSVD methods of deposition are 
described in the folloWing references, Which are hereby 
incorporated by reference: US. Pat. Nos. 4,379,040; 4,861, 
669; and 4,900,633. In a non-limiting embodiment of the 
invention Where MSVD is used to deposit the layer of barrier 
coating, a target comprising 60 Weight percent aluminum 
and 40 Weight percent silicon can be sputtered to deposit a 
layer of barrier coating comprising a mixture, alloy, or 
combination of alumina and silica. 

[0056] The multi-layer coating composition of the present 
invention can be applied on various substrates. Examples of 
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suitable substrates include, but are not limited to, plastic 
substrates (such as acrylic polymers, such as polyacrylates; 
polyalkylmethacrylates, such as polymethylmethacrylates, 
polyethylmethacrylates, polypropylmethacrylates, and the 
like; polyurethanes; polycarbonates; polyalkylterephtha 
lates, such as polyethyleneterephthalate (PET), polypropy 
leneterephthalates, polybutyleneterephthalates, and the like; 
polysiloxane containing polymers; or copolymers of any 
monomers for preparing these, or any mixtures thereof; 
metal substrates, such as but not limited to steel, galvanized 
steel, stainless steel, and aluminum; ceramic substrates; tile 
substrates; glass substrates; or mixtures or combinations of 
any of the above. For example, the substrate can be con 
ventional untinted soda-lime-silica-glass, i.e., “clear glass”, 
or can be tinted or otherWise colored glass, borosilicate 
glass, leaded glass, tempered, untempered, annealed, or 
heat-strengthened glass. The glass can be of any type, such 
as conventional ?oat glass or ?at glass, and can be of any 
composition having any optical properties, e. g., any value of 
visible radiation transmission, ultraviolet radiation transmis 
sion, infrared radiation transmission, and/or total solar 
energy transmission. Types of glass suitable for the practice 
of the invention are described, for example but not to be 
considered as limiting, in Us. Pat. Nos. 4,746,347; 4,792, 
536; 5,240,886; 5,385,872; and 5,393,593. 

[0057] The substrate can be any thickness. In the embodi 
ment Wherein the substrate is glass, generally, the substrate 
is thicker for architectural applications than for automotive 
applications. In a non-limiting embodiment for an architec 
tural application, the substrate can be glass having a thick 
ness ranging from 1 mm to 20 mm, for example, 1 mm to 10 
mm, or 2 mm to 6 mm. In a non-limiting embodiment for an 
automotive application, the substrate can be at least one 
glass ply in a laminated automotive Windshield or sidelight, 
and the substrate can be up to 5.0 mm thick, for example, up 
to 4.0 mm, or up to 3.0 mm, or up to 2.5 mm thick, or up to 
2.1 mm thick. 

[0058] When the substrate is glass, the glass can be 
manufactured using conventional ?oat processes, e.g., as 
described in Us. Pat. Nos. 3,083,551; 3,220,816; and 3,843, 
346 Which are hereby incorporated by reference. In a non 
limiting embodiment of the invention, the coating layers as 
discussed herein can be applied to the glass during the ?oat 
glass process, e.g., While the glass is being supported on 
molten tin Within a ?oat bath. 

[0059] In a non-limiting embodiment, the present inven 
tion encompasses the coated substrate described beloW. A 
?rst dielectric layer comprised of Zinc stannate is deposited 
on a substrate at a thickness from 250 A to 490 A, for 
example, from 340 A to 440 A, or 375 A to 425 A. A ?rst 
silver layer is deposited on the ?rst dielectric layer at a 
thickness from 50 A to 175 A, for example, from 60 A to 125 
A, or from 67 A to 90 A. A ?rst titanium primer layer is 
deposited on the ?rst silver layer at a thickness from 10 A 
to 30 A, for example, from 12 A to 25 A, or from 15 A to 
22 A. A second Zinc stannate dielectric layer is deposited on 
the ?rst primer layer at a thickness from 600 A to 800 A, for 
example, from 650 A to 750 A or from 675 A to 725 A. A 
second silver layer is deposited on the second dielectric 
layer at a thickness from 50 A to 175 A, for example, from 
60 A to 125 A, or from 67 A to 90 A. A second titanium 
primer layer is deposited on the second dielectric layer at a 
thickness from 10 A to 30 A, for example, from 12 A to 25 
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A, or from 15 A to 22 A. Athird Zinc stannate dielectric layer 
is deposited on the second primer layer at a thickness from 
290 A to 490 A, for example, from 340 A to 440 A, or 375 
A to 425 A. A barrier layer comprised of a mixture, alloy, or 
combination of alumina and silica having 60 Weight percent 
alumina to 40 Weight percent silicon is deposited on the third 
dielectric layer at a thickness ranging from 100 A to 600 A, 
for example, from 150 A to 500 A, or from 175 A to 400 A. 
A layer of titania having a thickness ranging from 100 A to 
600 A, for example, from 150 A to 500 A, or from 175 A 
to 400 A is deposited over the alumina/ silica layer to provide 
additional durability to the coating. 

[0060] Coated substrates according to the present inven 
tion can be used for various applications such as but not 
limited to, automotive transparencies, automotive sidelights, 
Windshields, backlights, sun or moon roofs, and insulated 
glass units for residential or commercial WindoWs, oven 
doors for gas, electric and microWave ovens. 

[0061] A substrate coated With the coating according to the 
present invention demonstrates superior performance over 
conventionally coated substrates. For example, a coated 
substrate according to the invention Will generally have 
better performance in terms of electrical resistivity, haZe, 
solar IR re?ectance, visible light transmission, etc. after it is 
heated during product manufacturing, speci?cally the type 
of heating associated With bending a piece of glass to 
produce an automotive Windshield or tempering a glass 
sheet, because the degradable layer(s) remain in tact. Also, 
When a layer of barrier coating is the last coating layer in a 
coating stack, a coated substrate according to the present 
invention is better able to Withstand mechanical and/or 
chemical attack during handling, transport, and storage. 
Further, the coating stack has better mechanical durability, 
chemical durability and heat stability during use such as in 
a microWave oven door. 

[0062] The present invention also encompasses a method 
for creating an enclosed system Within a multi-layer coating 
by incorporating at least one layer of barrier coating in a 
coating stack. The barrier layer can be incorporated any 
Where in the coating stack, i.e., Within individual layers of 
the unit metal based coating stack and/or betWeen unit metal 
based coating stacks. The enclosed system refers to the 
region betWeen tWo layers of barrier coating or betWeen a 
layer of barrier coating and the substrate. Within the 
enclosed system, essentially no material can enter or leave. 
The material that can ?oW through the enclosure is de?ned 
in terms of permeability Which is described above. 

[0063] The method of the present invention enables the 
interactions betWeen layers of coating Within a coating stack 
to be manipulated so that only the desired interactions can 
occur. Other layers of functional coating or other materials 
such as 02 outside of the enclosed system are restricted from 
coming in contact and react With layers Within the enclosed 
system. 

[0064] The method of the present invention is particularly 
bene?cial When a coating stack contains a layer(s) that 
should not be exposed to certain materials. For example, a 
coating stack might comprise a metallic layer, like silver, 
that Would degrade if it Were exposed to oxygen. In such 
case, the method of the invention can be used to create an 
enclosed, region Without ambient 02 around the metallic 
layer by applying a layer of barrier coating both under and 
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above the metallic layer or applying a layer of barrier 
coating above the metallic layer and utilizing the substrate 
before the metallic layer as the other oxygen barrier. 

[0065] The folloWing example highlights the bene?ts of 
the present invention. A substrate is coated With a multilay 
ered coating composition comprising three base stacks simi 
lar to those described above. The coating stack is formed via 
MSVD and the entire coating comprises three layers of 
silver, four layers of dielectric material (the second dielectric 
layer of the ?rst base stack combines With the ?rst dielectric 
layer of the second base stack to form a single dielectric 
layer, and the second dielectric layer of the second base 
stack combines With the ?rst dielectric base stack of the third 
unit metal based coating stack to form another single dielec 
tric layer), and three layers of primer. The layers of dielectric 
material sandWich the silver layers. A layer of primer is 
applied on a layer of silver before a layer of dielectric is 
applied. The layer of barrier coating is applied over the 
fourth layer of dielectric material in the coating stack. The 
layer of barrier coating creates an enclosed region betWeen 
the layer of barrier coating and the substrate. Consequently, 
the only oxygen that has to be accounted for in the design of 
the coating stack is the oxygen contained Within the system 
When the coating stack is being formed as a result of, for 
example, deposition of a dielectric layer via MSVD in an 
oxygen environment. External oxygen is irrelevant because 
the coating stack is an enclosed system. 

[0066] As a result of the invention, the layers of primer 
can be the minimum thickness required to protect the 
layer(s) of degradable material, e. g. silver, during deposition 
of the overlaying dielectric layer. Furthermore, less primer 
than currently taught in the art protect the layer(s) of 
degradable material, e.g., silver, during any heating steps 
that are required to bend the coated substrate to a desired 
contour or to temper coated glass because ambient O2 is 
restricted in the system. As mentioned above, after heating, 
excess primer can lead to failure at the interfaces of indi 
vidual layers of coating. 

[0067] It has been found that in the stack con?guration, the 
primer layer can be as thin as 12 A. That is half the thickness 
required for a similar coating con?guration Without a layer 
of barrier coating that must be able to Withstand the depo 
sition process and heating conditions required for bending or 
tempering the substrate. 

[0068] Because the present invention alloWs thinner layers 
of primer to be utiliZed in the described coating stack, neW 
materials can be used as the primer. More speci?cally, 
previously certain materials couldn’t be used because the 
primer layers had to be so thick that there Was a risk the 
layers might not fully oxidiZe and could form an alloy With 
the silver upon heating can be used With the present inven 
tion. Such materials include, but are not limited to, alumi 
num, hafnium, and cobalt-chrome alloy. 

[0069] The present invention Will be illustrated by the 
folloWing non-limiting examples. 

EXAMPLES 

[0070] FIG. 1 shoWs a heat study that Was conducted in the 
folloWing manner. Glass substrates Were prepared in the 
folloWing manner: a 3 inches><6 inches><0.08 inch piece of 
clear ?oat glass Was coated With the coating facing up on a 
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conveyor belt of a production MSVD coater from Von 
Ardenne. TWo, 3 inches><3 inches><0.08 inch clear glass 
sheets Were placed on top of the coated glass to cover the 
coating. The laminate Was passed through a Lindberg fur 
nace having ?ve Zones. Each Zone Was 10 inches long. As 
described from the entrance of the furnace, the ?rst Zone Was 
at a temperature of approximately 13500 E, the second Zone 
Was at a temperature of approximately 11300 E, the third 
Zone Was at a temperature of approximately ll80° E, the 
fourth Zone Was at a temperature of approximately 12050 E, 
and the ?fth Zone Was at a temperature of approximately 
11950 E 

[0071] The exemplary coated substrates Were run through 
the furnace at various speeds. Upon leaving the furnace, the 
3 inches><3 inches glass sheets on top of the coated glass 
Were removed and a 0.03 inch thick sheet of polyvinylbu 
tyral (PVB) Was placed over half of the coated glass sub 
strate. The PVB Was then covered With one of the 3 inches><3 
inches><0.09 inch glass sheets that Was previously removed 
to form a laminate over one half of the coated glass. The 
visible light transmittance (LTA) of the laminated half of the 
coated glass sheet Was measured using illuminant A. 

[0072] It should be appreciated that the sloWer the belt 
speed, the longer the coated glass Was exposed to oven 
conditions, and the hotter the coated substrate became. The 
belt speed is related to heat budget. More speci?cally, the 
sloWer the belt speed, the longer a coating Will be exposed 
to high temperatures, and the higher heat budget the coating 
Will have to Withstand to exhibit good performance. 

[0073] In the heat study, all of the coatings Were applied 
on a 3 inches><6 inches><2.l mm clear ?oat glass sheet. The 
designations for the exemplary coated substrates is 
described beloW. The coated substrate designated 
“3><Ag(500)” Was made in the folloWing manner: a ?rst layer 
of Zinc stannate Was applied on the substrate at a thickness 
of 390 A; a ?rst layer of silver Was applied on the ?rst layer 
of Zinc stannate at a thickness of 75 A; a ?rst layer of 
titanium metal Was applied on the ?rst layer of silver at a 
thickness of 15 A; a second layer of Zinc stannate Was 
applied on the ?rst layer of titanium metal at a thickness of 
690 A; a second layer of silver Was applied on the second 
layer of Zinc stannate at a thickness of 75 A; a second layer 
of titanium metal Was applied on the second layer of silver 
at a thickness of 15 A; a third layer of Zinc stannate Was 
applied on the second layer of titanium metal at a thickness 
of 690 A; a third layer of silver Was applied on the third layer 
of Zinc stannate at a thickness of 75 A; a third layer of 
titanium metal Was applied on the third layer of silver at a 
thickness of l 5 A; a fourth layer of Zinc stannate Was applied 
on the third layer of titanium at a thickness of 390 A; and a 
layer of barrier coating comprised of an alloy of alumina and 
silica sputtered from a target comprising 60 Weight percent 
aluminum and 40 Weight percent silicon Was applied on the 
fourth layer of dielectric material at a thickness of 500 A. 

[0074] The coated substrate designated “3><Ag(metal)” 
Was made in the folloWing manner: a ?rst layer of Zinc 
stannate Was applied on the substrate at a thickness of 390 
A; a ?rst layer of silver Was applied on the ?rst layer of Zinc 
stannate at a thickness of 75 A; a ?rst layer of titanium metal 
Was applied on the ?rst layer of silver at a thickness of 15 
A; a second layer of Zinc stannate Was applied on the ?rst 
layer of titanium metal at a thickness of 690 A; a second 
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layer of silver Was applied on the second layer of Zinc 
stannate at a thickness of 75 A; a second layer of titanium 
metal Was applied on the second layer of silver at a thickness 
of 15 A; a third layer of Zinc stannate Was applied on the 
second layer of titanium metal at a thickness of 690 A; a 
third layer of silver Was applied on the third layer of Zinc 
stannate at a thickness of 75 A; a third layer of titanium 
metal Was applied on the third layer of silver at a thickness 
of 15 A; a fourth layer of Zinc stannate Was applied on the 
third layer of titanium metal having a thickness of 100 A; 
and a layer of titanium metal Was applied on the fourth layer 
of Zinc stannate at a thickness of 26 A. 

[0075] The coated substrate designated “2><Ag(500)” Was 
made in the following manner: a ?rst layer of Zinc stannate 
Was applied on the substrate at a thickness of 390 A; a ?rst 
layer of silver Was applied the ?rst layer of Zinc stannate at 
a thickness of 75 A; a ?rst layer of titanium metal Was 
applied on the ?rst layer of silver at a thickness of 15 A; a 
second layer of Zinc stannate Was applied on the ?rst layer 
of titanium metal at a thickness of 690 A; a second layer of 
silver Was applied on the second layer of Zinc stannate at a 
thickness of 75 A; a second layer of titanium metal Was 
applied on the second layer of silver at a thickness of 15 A; 
a third layer of Zinc stannate Was applied on the second layer 
of titanium metal at a thickness of 390 A; and a layer of 
barrier coating comprised an alloy of alumina and silica 
sputtered from a target comprising 60 Weight percent alu 
minum and 40 Weight percent silicon Was applied on the 
third layer of Zinc stannate at a thickness of 500 A. 

[0076] A commercial sample is included in FIG. 1. In this 
sample, a glass substrate Was coated With Sungate® Auto 
motive Coating Number 5 (“SA05”) Which is commercially 
available from PPG Industries in Pittsburgh, Pa. SA05 is a 
double silver layer, heatable coating. 

CONCLUSION 

[0077] As shoWn in the heat study of FIG. 1, the barrier 
coating of the present invention protects the degradable 
layer(s) and thereby maintains the performance of the coat 
ing. Coated substrates having a 500 A layer of barrier 
coating according to the present inventioni“3><Ag(500)” 
and “2><Ag(500)”imaintained a fairly constant LTA regard 
less of the belt speed. The example identi?ed as 3><Ag(500) 
shoWed a drop in LTA from 77% to 74% as the belt speed 
dropped from 9 ipm to 3 ipm. The example identi?ed as 
2><Ag(500) shoWed a drop in LTA from 76% to 72% as the 
belt speed dropped from 9 ipm to 3 ipm. Because 
“3><Ag(500)” and “2><Ag(500)” contain primers layers at a 
thickness of 15 A, the reduction in LTA due to a reduction 
in belt speed is much less than expected. 

[0078] Substrates that did not have a layer of barrier 
coating according to the present invention shoWed more 
severe drop-offs in regards to LTA With sloWer belt speeds 
than substrates coated according to the present invention. 
The example identi?ed as 3><Ag(metal) shoWed a drop in 
LTA from 75% to 62% as the belt speed dropped from 9 ipm 
to 3 ipm. The results shoW titanium does not have as good 
barrier properties as the layer of barrier coating described in 
the present invention. The commercial sample shoWed a 
drop in LTA from 72% to 61% as the belt speed dropped 
from 9 ipm to 5 ipm and then the LTA increased from 61% 
to 64% as the belt speed dropped from 5 ipm to 3 ipm. 
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[0079] It Will be readily appreciated by those skilled in the 
art that modi?cations can be made to the invention Without 
departing from the concepts disclosed in the foregoing 
description. Such modi?cations are to be considered as 
included Within the scope of the invention. Accordingly, the 
particular embodiments described in detail hereinabove are 
illustrative only and are not limiting as to the scope of the 
invention, Which is to be given the full breadth of the 
appended claims and any and all equivalents thereof. 

What is claimed is: 
1. A method of forming a multilayered coated substrate, 

comprising: 
providing a coating comprising at least one degradable 

layer on a substrate; and 

providing at least one barrier layer over the degradable 
layer, Wherein the barrier layer has a permeability to 
oxygen of no greater than 10 grams per m2 per day at 
a temperature of 9000 F. 

2. The method according to claim 1, further comprising 
providing additional coating layers on the degradable layer 
prior to applying the barrier layer. 

3. The method according to claim 1, further comprising 
providing an additional barrier layer betWeen the substrate 
and the degradable layer. 

4. The method according to claim 1, Wherein the barrier 
layer is the last coating layer applied on the substrate. 

5. The method according to claim 1, further comprising 
providing additional coating layers over the barrier layer. 

6. The method according to claim 1, Wherein the at least 
one barrier layer is a single layer comprising one or more 
metal oxide materials selected from aluminum oxide, silicon 
oxide, and mixtures thereof. 

7. The method according to claim 6, Wherein the barrier 
layer has a thickness of up to 2 microns. 

8. The method according to claim 1 Wherein the barrier 
layer is a multi-layer coating comprising a ?rst layer 
selected from silica, alumina, and mixtures thereof and a 
second layer selected from silica, alumina, and mixtures 
thereof. 

9. The method according to claim 1, Wherein the at least 
one degradable layer comprises an electromagnetic radiation 
re?ective material selected from gold, copper, silver, con 
ductive nitride, and mixtures thereof. 

10. The method according to claim 9, Wherein the at least 
one degradable layer comprises silver. 

11. The method according to claim 10, Wherein the 
coating further comprises ?rst and second layers of dielec 
tric material and at least one layer of primer, and further 
Wherein the degradable layer is on at least a portion of the 
?rst layer of dielectric material; the at least one layer of 
primer is on at least a portion of the degradable layer; the 
second layer of dielectric material is on at least a portion of 
the at least one layer of primer; and the at least one barrier 
layer is on at least a portion of the second layer of dielectric 
material. 

12. The method according to claim 11 Wherein the ?rst 
and second layers of dielectric material are each selected 
from indium tin oxide, titanium oxide, Zinc oxide, tin oxide 
and mixtures and alloys thereof. 

13. The method according to claim 11, Wherein the at least 
one layer of primer is selected from titanium, copper, 
aluminum, niobium, yttrium, Zirconium, hafnium, chro 
mium, and mixtures and alloys thereof; nickel-chromium 
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alloy; cobalt-chromium alloy; indium tin sub-oxide; tita 
nium sub-oxide; Zinc aluminum sub oxide; silicon nitride 
and mixtures thereof 

14. The method according to claim 1, Wherein the coating 
further comprises a layer of transparent conductive oxide. 

15. The method according to claim 14, Wherein the at least 
one degradable layer is on at least a portion of the layer of 
transparent conductive oxide and the at least one barrier 
layer is on at least a portion of the at least one degradable 
layer. 

16. The method according to claim 14, Wherein the layer 
of transparent, conductive oxide is on at least a portion of the 
at least one degradable layer and the barrier layer is on at 
least a portion of the layer of transparent, conductive oxide. 

17. The method according to claim 14, Wherein the at least 
one degradable layer is on at least a portion of the layer of 
transparent conductive oxide, a primer layer is on at least a 
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portion of the degradable layer, and the at least one barrier 
layer is on at least a portion of the primer layer. 

18. A method of forming a multilayered coated substrate, 
comprising: 

providing a functional coating comprising an inner layer 
and an outer layer; 

providing at least one degradable layer betWeen the inner 
layer and the outer layer; and 

providing at least one barrier layer over the degradable 
layer, Wherein the barrier layer has a permeability to 
oxygen of no greater than 10 grams per m2 per day at 
a temperature of 900° F. 

19. The method of claim 18, Wherein the barrier layer is 
located betWeen the inner layer and the outer layer. 

* * * * * 


